ABSTRACT. Recent surveys in southern Florida, USA, Brazil and Argentina, for biological control agents to assist in the control of the invasive Brazilian peppertree, have discovered several previously unknown species of plant mining Lepidoptera of the family Gracillariidae. Morphological descriptions with summaries of their biology for the following four new species and one new genus are presented: Caloptilia schinusifolia Davis and Wheeler, from Brazil and possibly Argentina; Eucosmophora schinusivora Davis and Wheeler, from Argentina and Brazil; Leurocephala schinusae Davis and Mc Kay, new genus and species, from Argentina and Brazil; and Marmara habecki Davis, new species, from Florida, USA. The larvae of all four species exhibit a hypermetamorphic development consisting of early instar sapfeeding and later instar tissue feeding stages typical for members of Gracillariidae. Larvae of M. habecki were also observed to possess an additional nonfeeding, transitional instar prior to the final instar as is typical for the genus (Wagner et al. 2000) . Larvae of the new genus Leurocephala were discovered to undergo an intermediate, nearly apodal tissue feeding stage between the sapfeeding and final tissue feeding instars. Unique specimens representing an additional three species of Gracillariidae also have been reared from this tree in Argentina or Brazil, but these could not be identified because of inadequate material. COI barcodes were obtained for Marmara habecki, M. smilacisella, and an undescribed Marmara from Brazil. Each species was separated by a minimum barcode divergence of > 4.5% (Fig. 111) .
Brazilian peppertree (Schinus terebinthifolius Raddi, Anacardiaceae) is a Neotropical species whose native range extends along the Atlantic coast of Brazil and Uruguay, west to northeastern Argentina and adjacent Paraguay (Barkley 1944 (Barkley , 1957 ; Mc Kay unpublished data; Fig. 1 ). This species has been introduced to many countries around the world as an ornamental (Morton 1978; Panetta & McKee 1997 its exotic range, especially in Florida, the tree decreases the biodiversity of infested natural areas by aggressively invading a variety of coastal and upland habitats (Mytinger & Williamson 1987; Gann et al. 2001) . Currently, in the USA, S. terebinthifolius is considered an invasive species in Florida, California, Texas, Hawaii, Puerto Rico and the Virgin Islands (Randall 2000; HSASC 2001; FLEPPC 2009; USDA-NRCS 2009) . In Florida, where infestations of S. terebinthifolius are estimated to occupy over 283,400 ha (Wunderlin & Hansen 2008; Fig. 2) , the species is a prohibited plant and a noxious weed. Schinus terebinthifolius constitutes not only a threat to natural areas but also to agriculture and cattle production (Morton 1978; Ewel 1986; Yoshioka & Markin 1991) . Allelopathic compounds are known to be produced that suppress the growth of neighboring plant species (Gogue et al. 1974; Morgan & Overholt 2005) . Schinus terebinthifolius is also suspected of causing allergic reactions and respiratory illnesses in sensitive humans from volatiles released by the leaves, flowers, and fruit (Morton 1978) . Conservation organizations consider S. terebinthifolius a high-priority target due to its already widespread occurrence and great potential to expand its range (Randall 1993) .
Biological control of S. terebinthifolius began in the 1950s and resulted in the release in Hawaii of three insect species: a gall-forming caterpillar, Crasimorpha infuscata Hodges (Lepidoptera: Gelechiidae), a defoliating caterpillar, Episimus utilis Zimmerman (Lepidoptera: Tortricidae), and a seed-feeding beetle, Lithraeus atronotatus (Pic) (Coleoptera: Bruchidae) (Davis & Krauss 1962; Krauss 1962 Krauss , 1963 Hight et al. 2002) . Only the last two species established in Hawaii, but are exerting negligible control of the weed population (Hight et al. 2002) . A previously unidentified species of Caloptilia, herein confirmed to be C. coruscans Wlsm., was introduced into the island of Hawaii in 1991 (Markin 2001) to control the invasive Firetree, Morella (=Myrica) faya (Aiton). By 1994 the moth had become established in Hawaii Volcanoes National Park and adjacent areas. It is not known if this Caloptilia is also feeding on Schinus in Hawaii. In Florida, exploration for biological control agents of S. terebinthifolius occurred in the 1980s and 1990s. These studies, mostly literature reviews of Brazilian work, listed at least 200 species of insects associated with the plant in its native range (d'Arújo et al. 1968; Bennett et al. 1990; Bennett & Habeck 1991) . Included in these studies were the reports by Krauss (1962 Krauss ( , 1963 wherein he listed a species of "Gracillaria" (= Caloptilia) mining leaves of S. terebinthifolius in Salvador and Bahia and a species of Parornix mining leaves in Sao Paulo. Three insects were selected for further studies in Florida: the leaffeeding sawfly Heteroperreyia hubrichi Malaise (Hymenoptera: Pergidae), the sap-feeding thrips Pseudophilothrips ichini Hood (Thysanoptera: Phlaeothripidae), and the defoliating caterpillar E. unguiculus (= utilis) (Medal et al. 1999; Hight et al. 2002; Martin et al. 2004) .
To date, none of these biological control candidates has been released in Florida. However, the continuous spread of S. terebinthifolius motivated the search for additional natural enemies against this weed in northern Argentina, an area that had not been surveyed and the most likely center of origin of the genus Schinus (Barkley 1944; Muñoz 2000) . The results of these surveys indicate that Argentine S. terebinthifolius populations harbored natural enemies not previously reported (Mc Kay et al. 2009 ). Among these, several blotch leaf miners (Lepidoptera: Gracillariidae) were selected for further studies.
Four species of Gracillariidae belonging to four separate genera, all reared from S. terebinthifolius, are described in this report: Caloptilia schinusifolia Davis and Wheeler, new species, from Brazil; Eucosmophora schinusivora Davis and Wheeler, new species, from Argentina and Brazil; Leurocephala schinusae Davis and Mc Kay, new genus and species, from Argentina and Brazil; and Marmara habecki Davis, new species, from Florida, USA. Unique specimens representing an additional three species of Gracillariinae have also been collected from S. terebinthifolius in Brazil, but these could not be identified because of their poor physical condition. Interestingly, one of these is a stem mining Marmara closely related to Marmara habecki, currently known only from southern Florida, USA. As discussed under the latter species in this report, sequence divergence of their CO1 barcode region of nearly 12% indicates that these two Marmara represent distinct species.
METHODS AND MATERIALS
Genitalic dissections were cleared by heating in hot 10% KOH for ~ 30 minutes, and subsequently cleaned and stained with either 2% chlorazol black E or mercurochrome solutions. All genitalic illustrations were drawn from dissections temporarily stored in glycerin, which were later permanently embedded in Canada balsam. Genitalic terminology follows Klots (1970) . Samples of alcohol-preserved larvae and pupae were gently washed in 409 ® detergent, then dried in a critical point drier, sputter coated with 20-25 gold palladium 60:40 alloy, and photographed with an Amray 1810 scanning electron microscope.
Field Collections. Argentina. Field collections of these leaf mining insects were part of larger biological control surveys searching for arthropods and diseases associated with S. terebinthifolius in its native range. Collections began in 2004 and continued through 2009 and were conducted throughout the Argentina range of the host in Misiones, Corrientes, and Entre Rios provinces (Fig. 1) . These surveys were conducted 4-6 times per year.
Field Collections. Brazil. In Brazil surveys began in 2005 and continued through February 2010. The host plant is reported to occur (JBRJ 2009; NYBG 2009; Tropicos 2009 ) mostly along the Atlantic coast from Recife, Pernambuco (S 8.05°) south to Bagé, Rio Grande do Sul (S 31.33°), then west to northeastern Argentina and eastern Paraguay. Our surveys ranged from Natal, Rio Grande do Norte (S 5.79°), to Pelotas, Rio Grande do Sul (S 31.76°) at the northern and the southern extremes of the host plant range, respectively ( Fig. 1) . Additionally, these surveys extended west from the coast until the host plants disappeared. In Bahia this occurred near Feira de Santana and in Minas Gerais this species ranged west to Belo Horizonte then south to western Rio Grande do Sul. These surveys were conducted 2-3 times each year, generally lasted 14 days, and usually included three collectors (e.g., GSW, FM, and MDV). All three leaf blotch miner species L. schinusae, E. schinusivora, and C. schinusifolia were common, and were discovered in this Brazilian range during the first year of the project (2005) . Insect collections during all trips were conducted under the IBAMA export licenses: 07BR001027/DF; 08BR002120/DF; 09BR003939/DF; 10BR004731/DF. Although data were not collected on insect densities, the species L. schinusae was seasonally abundant in northeastern Argentina and southern Brazil during the austral winter and spring from June to November; this species was difficult to find during the remainder of the year. No seasonality was noticed for E. schinusivora or C. schinusifolia.
RESULTS

Field
Distribution. Leaflets of S. terebinthifolius infested with blotch mines of L. schinusae were found at several sites in the northeastern provinces of Argentina (Corrientes and Misiones; Fig. 1 ). In Brazil this species was collected from sites as far north as near Salvador, BA (S 12.33°) south to Santana Do Livramento, Rio Grande do Sul (S 30.85°). Eucosmophora schinusivora generally had a more northern distribution and was collected near Salvador, Bahia (S 12.32°) south to near Porto Alegre, Rio Grande do Sul (S 29.88°). In Argentina this species was only found near Santa Ana, Misiones Province on L. molleoides, its other known natural host. Caloptilia schinusifolia had a similar broad range from near Salvador, Bahia (S 12.35°) south to near Porto Alegre, Rio Grande do Sul (S 30.83°). Caloptilia mine damage with folded leaf tips were also found on Lithrea molleoides, Schinus weinmannifolius, and S. lentiscifolius in Argentina, but no adults were reared for species confirmation.
Natural enemies. Several parasitoids emerged from Leurocephala schinusae blotch mines in Argentina from species assigned to Orgilinae (Braconidae) and Brachycyrtinae (Ichneumonidae) and Isdromas spp. (Cryptinae: Phygadeuontini). In Brazil parasitism of L. schinusae occurred from Lymeon sp. (Ichneumonidae: Cryptinae), Acrolyta n. sp., Isdromas (3 species), and Pimpla croceiventris (Cresson) (Ichneumonidae: Pimplinae). Parasitoids belonging to Braconidae included three species of Orgilus (Orgilinae), Pholeteser sp. (Microgastrinae) and several Chalcidoidea (undetermined species). Parasitism by these Ichneumonidae and Braconidae species reached its highest level (40%) during a collection in July 2008.
DNA Sequencing. Unidentified species of Braconidae and Ichneumonidae and Chalcidoidea have been recovered in Brazil from larval rearings of Caloptilia schinusifolia and Eucosmophora schinusivora respectively. In Florida a single parasitoid of Chalcidoidea emerged from the pupa of Marmara habecki. Sequences were produced at the Biodiversity Institute of Ontario, University of Guelph, Canada. DNA was extracted from legs, entire bodies of adult moths, or entire larvae using a QIAGEN DNeasy Tissue Kit. Primers LepF1 and LepR1 (Herbert et al. 2004) were used to obtain a 658 base pair fragment of CO1 with a standard thermocycling regime (Hajibabaei et al. 2006) . Sequences are available at the National Center for Biotechnology Information GenBank database and at the Barcode of Life Database (BOLD). Neighbor-joining (NJ) trees were generated from nucleotide sequences as implemented in BOLD (Ratnasingham & Hebert 2007) . Phylogenetic and molecular evolutionary analyses were conducted using Molecular Evolutionary Genetics Analysis (MEGA) version 4 (Tamura et al. 2007 ).
The acronyms used in this study for institutions in which specimens are deposited are as follows: BMNH The Natural History Museum (formerly the British Museum (Natural History)), London Diagnosis. Caloptilia schinusifolia differs from the only other two congeneric species known to feed on Schinus in distribution, wing pattern and male genitalic characters. The forewing of Caloptilia schinusifolia is predominantly medium brown with small patches of fuscous scales sparsely scattered over most of the forewing and along the costa, and generally possesses a less iridescent wing color than that of C. coruscans (Wlsm.). The forewing of C. rhoifoliella (Cham.) is a much darker brown to fuscous, with usually a slender suffusion of white along the costal margin which is lacking in the other two species. The basal half of the male valva of schinusifolia is more slender (< half the maximum width across the cucullus) than in either rhoifoliella or coruscans (~ equal in width), and the vinculum of schinusifolia is proportionately longer and more slender (< 0.7 the length of valve in the other two species). Caloptilia coruscans occurs widely through the southern Palearctic region (De Prins & De Prins, 2010) and Hawaii. Caloptilia rhoifoliella is known only from North America and Bermuda.
Description. Adult (Fig.3) . Head: Frons smooth, shiny light brown to bronze, with a lateral pair of partially raised tufts of dark brown to fuscous scales arising from rim of eye below antenna and directed medially; scales of tufts sometimes tipped with paler brown; vertex smooth, light brown to nearly white; occipital tufts prominent, light brown. Antenna with a single row of slender scales encircling each flagellomere; scales mostly dark brown, with bases lighter brown; scape dark brown, usually paler ventrally. Maxillary palpus mostly fuscous laterally, cream to light brown mesally and dorsally on segment II. Labial palpus smooth, mostly whitish cream to light brown over segments I and II, becoming fuscous near apex of II and most of III; extreme apex and a portion of mesal surface of III cream to light brown. Thorax: Mostly dark brown dorsally, sharply light cream ventrally; tegula dark brown becoming fuscous anteriorly. Forewing: length 5.0-5.5mm; mostly brown with a small basal patch of fuscous to black of costal scales adjoining tegula; small patches of fuscous scales sparsely scattered over most of forewing and along costa, becoming more concentrated near apex where they form a pair of fuscous transverse bands narrowly separated by brown; a moderately large, fuscous scale patch midway along costa; fringe around apex and along hind margin uniformly dark gray. Hindwing uniformly dark gray. Foreleg with coxa mostly whitish cream with suffusion of brown laterally and fuscous at apex; femora and tibiae of all legs fuscous faintly banded with cream to light brown; tarsomeres white on fore and midlegs, more cream on hindleg, and faintly tipped with fuscous on all legs. Abdomen: Sharply demarcated from dark fuscous dorsally to mostly cream ventrally with a few fuscous scales scattered ventrally. Male with 2 pairs of coremata of ~ equal lengths present on segments VII and VIII; caudal margin of tergum VII with a slender, rounded lobe; tergum VIII T-shaped, very slender, abruptly expanded caudally.
Male genitalia (Figs. 22, 23) . Tegumen weakly sclerotized; attenuate caudally. Vinculum-saccus relatively long and slender, equaling tegumen in length. Valva simple, lacking ridges or processes, with costal and hind margins evenly curved, gradually widening to smoothly rounded cucullus; maximum width of cucullus nearly 2 that of base of valve. Aedeagus a slender tube ~ 1.3 length of vinculum-saccus, with a slender spinose process projecting from one edge of apex; cornuti consisting of an elongate, tightly and obliquely compressed row of ~ 9-11 slender spines in distal half of aedeagus; phallobase narrowly inflated, ~ 1.25 length of aedeagus.
Female genitalia (Figs. 24, 25) . Anterior and posterior apophyses equal in length, with similar broad bases. Ostium broad, width ~ 2/3 the length of anterior apophysis; antrum moderately enlarged, narrowing to junction with ductus seminalis; length of antrum to junction ~ equal to length of anterior apophysis. Ductus bursae extremely long, ~ 10 the length of anterior apophysis, narrow, membranous, and abruptly enlarging at termination with corpus bursae. Corpus bursae oblong-elliptical, with finely wrinkled, membranous walls; length ~ 3.25 length of anterior apophysis; signa a symmetrical pair of slender spines ~ equal to anterior apophysis in length, each with a truncate, spatulate, basal end which projects exteriorly beyond wall of corpus bursae.
Larval biology . Early instars of Caloptilia schinusifolia form a serpentine mine that begins along the mid-vein and continues along the leaflet margin. Mid-sized larvae emerge from this mine and feed under a narrow fold of the leaflet edge. Late instars roll the tips of the leaflet and feed externally skeletonizing the lower surface of the leaflets. When Flight period. Adults have been collected in February, April, July, and October.
Distribution (Fig. 1 ). This species has been collected from mostly coastal areas from Bahia Province, Brazil south to Rio Grande do Sul. It has also been observed in Misiones Province (northeastern Argentina).
Etymology. The species name is derived from the generic name of the plant host (Schinus) and the Latin folium (leaf).
Discussion. At least two species of Caloptilia have been reported previously as mining the leaves of Schinus: Caloptilia coruscans Wlsm. (= C. schinella Wlsm.) and C. rhoifoliella (Cham.) (Robinson, et al. 2007; De Prins & De Prins 2010) . Caloptilia coruscans occurs from southern Europe to North Africa and on several associated Atlantic islands (e.g., Azores, Canary Islands), where it has been reared from three genera of Anacardiaceae (including Schinus molle L.) and Morella faya (Aiton) of the Myricaceae. Several names are now considered synonyms of C. coruscans, including C. schinella (Wlsm.), C. terebinthiella Chrétien, C. instincta Meyr., and C. ferruginipennis Turati, (Triberti 1985; De Prins & De Prins 2010) . Caloptilia rhoifoliella occurs across much of the United States where it mines the leaves of Rhus and Toxicodendron, and in Bermuda where it has been reported feeding on Schinus terebinthifolius (Ferguson et al. 1991; Robinson et al. 2007) .
Caloptilia schinusifolia differs from both of the foregoing species in wing pattern and male genital characters. The forewing of schinusifolia is predominantly medium brown with a less iridescent color than that of coruscans, as described and figured by Walsingham (1908) . The forewing of rhoifoliella is generally much darker brown to fuscous, with usually a slender suffusion of white along the costal margin which is lacking in the other two species. The basal half of the male valvae of schinusifolia is more slender (< half the maximum width across the cucullus) than in either rhoifoliella or coruscans (~ equal in width), and the vinculum of schinusifolia is proportionately longer and more slender (< 0.7 the length of valve in latter two species). The male genitalia from the type series of C. coruscans has not been figured, but that of the junior synonym, C. schinella, was illustrated by Klimesch (1970) .
Only one other species of Caloptilia, C. pastranai Bourquin, has been reported from southern South America within the maximum range of either Schinus terebinthifolius or Lithrea molleoides. Caloptilia aeolastis (Meyrick) , C. hexameris (Meyrick) , C. pneumatica (Meyrick) , and C. semiclausa (Meyrick) were described from Brazil, but are known to occur only along the Amazon River well north of the range of Caloptilia schinusifolia, and none of the foregoing Caloptilia are similar to C. schinusifolia in forewing pattern. Caloptilia pastranai is known to feed only on Scutia buxifolia Reiss (Rhamnaceae) in Buenos Aires Province, Argentina. The body and forewings of this species are considerably darker than that of C. schinusifolia.
A previously unidentified species of Caloptilia, "Caloptilia species, near schinella Walsingham", was introduced into the island of Hawaii in 1991 (Markin 2001) to control the invasive Firetree, Morella (=Myrica) faya (Aiton). By 1994 the moth had become established in Hawaii Volcanoes National Park and adjacent areas. Specimens of this introduced species originating from a laboratory colony imported from the Azores Islands, Portugal were borrowed for examination by DRD from the Hawaii Department of Agriculture. This examination confirmed that the Hawaiian species (originating from the Azores) agreed with C. coruscans and was distinct from C. schinusifolia. The Azores specimens also agreed in wing pattern and male genitalia with specimens in the collections of the USNM, which had been collected in the Canary and Medeira Islands and reared from Schinus molle L. and Myrica faya. Currently no rearings of Caloptilia have been reported from Schinus terebinthifolius in Hawaii. Figs. 1, [5] [6] [11] [12] [13] [14] [15] [26] [27] [28] [29] [30] Diagnosis. Eucosmophora schinusivora is the only species of Eucosmophora known to feed on a member of the Anacardiaceae. The male genitalia of Eucosmophora schinusivora agree with those of the sideroxylonella species group (Davis & Wagner 2005) in possessing a costal lobe on the male valve, and with the dives species group in the absence of scale tufts on the seventh sternite. The female genitalia of E. schinusivora differ from those of both groups in lacking signa and in possessing an enlarged, pocket-like sclerotization within the ductus bursae (Fig. 29) . The forewing pattern of schinusivora is also unique in possessing a pair of dark fuscous, longitudinal fascia that converge before the apex of the wing (Figs. 5-6).
Eucosmophora schinusivora Davis and Wheeler, new species
Description. Adult . Head: Frons smooth, pale gold, gradually becoming gray to shiny black over vertex to occiput; collar a narrow band of pale golden white. Antenna slightly exceeding length of forewing; scape smooth, elongate, ~ equal to width of frons, pale gold to light orange; apex of scape with a distinct dorsal tuft of pale golden scales, slightly suffused with fuscous at apex along posterior margin; base of antenna bent slightly ventrad at pedicel; pedicel and basal 2-3 flagellomeres sometimes with light orange luster; remainder or usually all of flagellum lustrous dark gray; each flagellomere completely encircled by a single, dense row of slender scales. Maxillary palpus smooth, pale gold, sometimes with a slight orange luster. Labial palpus smooth, similar to frons and maxillary palpi in color. Thorax: Dorsum light orange; light orange beneath wing and tegula but mostly silver to gold ventrally; tegula shiny black. Forewing: length 3.5-4.2mm; ẽ qually covered by light orange and dark fuscous to black scales as follow: basal half of forewing dark fuscous along costa, extending completely across wing just before middle; basal third of hind margin light orange with a sinuate medial edge separated from dark fuscous costal margin by an oblique patch of silvery scales; apical half of wing mostly orange except for a pair of elongate, shiny, dark fuscous fascia along the subcostal area and hind margin that converge before entirely fuscous apex; fringe around apex pale gray becoming fuscous toward hind margin. Hindwing uniformly dark fuscous. Fore and midlegs mostly pale golden cream with fuscous banding on dorsum of tibia; hindleg mostly pale golden cream; fuscous laterally on femur, tibia and first tarsomere. Abdomen (Fig. 28 ): Fuscous to black dorsally and laterally on A3-5; golden cream ventrally. Sternum 7 of male abruptly narrowing caudally to broadly triangular, rounded apex without setal brush. Eighth sternites consisting of a small pair of widely divided, triangular sclerites ~ 0.4  the length of main body of tergum 8. Tergum 8 with slender median rod extending nearly to anterior margin of sternum 7; anterior apex of rod slightly enlarged.
Male genitalia . Valva slender with mostly straight costal margin and evenly curved saccular margin, gradually narrowing to a rounded apex; a small, acute process arising from basal third of costa. Aedeagus a slender, nearly smooth, elongate cylinder; a series of 20 minute spines arranged subdorsally near middle in 2 irregular rows; apex of aedeagus asymmetrical, with a relatively large, acute, terminal process from dorsal side.
Female genitalia . Antrum mostly membranous. Ductus bursae elongate; walls covered internally with minute, circular spicules, gradually becoming larger and more dense around sclerotized, U-shaped internal pocket just before enlargement of corpus bursae; walls of corpus bursae membranous; signum absent.
Larval biology . The eggs are oval shaped, nearly transparent, milky-white. Eggs are deposited generally on the upper leaf surface adjacent to a secondary vein. After hatching, the first instar forms a broad leaf blotch. In high densities 3-5 larvae may form blotches on the same leaflet that merge to form a single large blotch which covers most of the leaflet. Leaf damage seems to induce premature leaf drop in the field.
Cocoon (Fig. 15) . Pupae are covered with silk, located on leaves on the ground, and are usually on the lower leaf surface. The silk is covered with frothy bubbles, generally six in number, bright white, and arranged around the perimeter of the cocoon. Pupation occurs usually in a constructed leaf groove or occasionally under a folded leaf edge.
Hosts Flight period. Adult emergences have been reported in February, April, July, October, and November.
Distribution (Fig. 1) . This species has been collected in Misiones Province (northeastern Argentina). In Brazil, this species has been commonly collected from Salvador, Bahia, south to Porto Alegre, Rio Grande do Sul.
Etymology. The species name is derived from the generic name of the plant host (Schinus) and the Latin voro (eat, devour).
Discussion. The Neotropical genus Eucosmophora was revised recently by Davis & Wagner (2005) , and generic diagnoses of the larval, pupal, and adult stages are provided in that study. Eucosmophora was found to consist of two morphologically distinct groups, each possibly restricted to feeding on a single plant family. The Fabaceae-mining dives group containing possibly 5 species, was partially characterized by males lacking a costal lobe on the valva, seventh abdominal sternite without caudal scale tufts, and females bearing a pair of spinulose signa in the corpus bursae. The sideroxylonella group included 11 species, 3 of which are known to be leafminers on Sapotaceae. The males of this group possess a small costal lobe on the valva similar to E. schinusivora (Fig. 26) , as well as a caudal scale tuft on the seventh abdominal sternite; the paired signa of the females are long, often laciniate, and prominently serrate to spinose. Males of Eucosmophora schinusivora agree with those of the sideroxylonella group in possessing the costal lobe on the male valve, and with the dives group in the absence of scale tufts on the seventh sternite. The female genitalia of E. schinusivora differ from those of both groups in lacking signa and in possessing an enlarged, pocket-like sclerotization within the ductus bursae (Fig. 29) . The forewing pattern of schinusivora is also unique in possessing a pair of dark fuscous, longitudinal fascia that converge before the apex of the wing (Figs. 5-6 ). It is also notable that no Eucosmophora had been reared previously from Anacardiaceae.
Leurocephala Davis and Mc Kay, new genus
Figs. 1, 4, 31-43.
Type species. Leurocephala schinusae Davis and Mc Kay, new species
Description. Adult (Fig. 4) . Small moths with forewing length 3.1-3.5 mm. Head (Figs. 31-32 ): Vestiture entirely smooth; scales tightly appressed, slender, with apices broader, slightly rounded. Eye relatively large, round; vertical diameter equal to minimum interocular distance across frons. Antenna filiform, long, ~ equal to forewing in length, smoothly scaled; a single annulus of long, slender scales completely encircling each flagellomere; scape elongate, ~ 4.8x length of pedicel. Labrum trilobed, pilifers well developed, triangular. Mandible absent. Haustellum naked, elongate, ~ 2.2x length of labial palpus. Maxillary palpus short, smoothly scaled, 4-segmented; ratio of segments from base: ~1.0: 2.1:1.0:2.7. Labial palpus smoothly scaled, moderately long and drooping; ratio of segments from base: 1.0:2.4:0.8. Thorax: Smoothly scaled. Forewing (Fig. 33) (Figs. 37-39 ). Uncus absent. Tegumen relatively broad, hood-shaped, partially membranous, with a shallow apical notch. A pair of short, rounded, membranous lobes arising ventrally from mostly membranous area beneath tegumen, possibly representing rudimentary gnathos. Vinculum short, broadly V-shaped, extending laterally along base of valva; sacculus only slightly developed, length equal to less than half the length of vinculum. Valva broad at base, with sharply defined saccular lobe, abruptly narrowing to truncate, slightly flared apex; costal margin relatively straight. Base of valvae joined by a strongly arched, moderately sclerotized transtilla. Juxta a small, dorsally concave, lightly sclerotized plate firmly attached to middle of aedeagus. Aedeagus (Fig. 39 ) sinuate, relatively short; length ~ equal to length of valva; basal half of aedeagus tapering cephalad beyond entry point of ductus ejaculatorius.
Female genitalia (Figs. 42-43 ). Anterior and posterior apophyses short, of similar lengths; posterior apophysis broader at base. Ostium forming a broad chamber with lateral extensions, opening on caudal margin of sternum VII. Ductus bursae short, slightly thickened, abruptly expanding to elongate, elliptical corpus bursae. Ductus seminalis connected immediately anterior to junction of ductus bursae and corpus bursae. Walls of corpus bursae membranous, appearing externally wrinkled, with a single ovoid lenticular signum near middle, possessing a relatively long slender spine projecting anteriorly into corpus bursae.
Etymology. The generic name is derived from the Greek leuros (smooth, polished) and kephale (head), in reference to the entirely smooth-scaled head of the adult.
Discussion. Several morphological characteristics place this genus within the subfamily Gracillariinae, including a smoothly scaled head, 4-segmented maxillary palpus, hindwing with base of Rs arched toward Sc, 2 pairs of coremata in male, pupation outside of mine, and resting posture of the adult with the anterior portion of body raised at ~ 45° angle. Leurocephala differs from all known genera in several features, particularly by the presence of paired gnathal lobes in the male genitalia and the anterior extension of aedeagus beyond entry point of the ductus ejaculatorius. In addition, the development of three distinct larval forms similar to that in Leurocephala has been observed in only a few other genera of Gracillariidae. The three distinct developmental stages include an apodal, first instar sapfeeding form, a mostly apodal tissue feeding form, and a last instar tissue feeding form with relatively well developed legs and prolegs.
Leurocephala shows some similarity to the American genus Neurostrota in fore-and hindwing venation, in the development of a broad saccular lobe on the male valva, a greatly enlarged tergum 8 in the male abdomen, and in the larval excretion of numerous bubbles over the surface of the cocoon. Larval bubble excretion also occurs in several other gracillariid genera, including Eucosmophora and Marmara, as noted herein. Molecular analysis now nearing completion on the genera of Gracillariidae by Akito Kawahara (2010) 
Diagnosis.
As discussed under the genus, Leurocephala schinusae differs from all known genera and species of Gracillariidae in several features, particularly by the presence of paired gnathal lobes in the male genitalia and the anterior extension of the aedeagus beyond the entry point of the ductus ejaculatorius, and, in part, by the development of three distinct larval forms. The intermediate (transitional) form differs from all other known Gracillariidae in possessing three instars with a unique, enlarged spinneret and well developed mandibles of the tissuefeeding type.
Description. Adult (Fig. 4) . Head: Frons mostly white, becoming slightly more bronzy brown caudally from vertex. Antenna dark bronzy fuscous; scape with a slender white, longitudinal streak dorsally which gradually fade to flagellomeres 1-2; venter of scape and basal flagellomeres white, gradually becoming more light brown distally. Maxillary palpus white. Labial palpus mostly silvery white, dark fuscous laterally and at apex of segment 2. Thorax: Mostly fuscous dorsally with scales brown basally gradually becoming more fuscous over distal half; white ventrally; tegula dark fuscous. Forewing: length 3.1-3.5mm; mostly fuscous, scale bases slightly paler; usually with 4 oblique white striae of variable width equally spaced along costa and a similar number of nearly opposite white striae along hind margin; fringe around apex fuscous banded with lighter gray; a small apical tuft of 3-6 fuscous scales projecting beyond fringe; fringe along hind margin uniformly fuscous. Hindwing uniformly fuscous. Legs mostly fuscous dorsally, white ventrally; tibiae and tarsi strongly banded with white and fuscous. Abdomen (Figs. 40-41 ): Fuscous dorsally, mostly white ventrally with oblique segmental bands of fuscous laterally. Coremata from segment VIII of male white. Postabdominal segments as described for genus.
Male genitalia 2-4 more cylindrical, nearly apodal, tissue feeding, with stouter, more opposable mandibles; broad, stout spinneret with a greatly enlarged, flared aperture. 3) Last (5th) tissue feeding instar with a more cylindrical body, stout, opposable mandibles; spinneret fully developed "normal", more slender; fully developed thoracic legs, and 3 + 1 pairs of abdominal prolegs. Head capsule widths of each instar are provided in Table 1 . Among the 10 larvae sampled each for instars 1 and 2, no significant differences were observed between the width of their heads. The morphology of their mouthparts, particularly the spinneret, was distinctly different as described below.
Sap-feeding Instar . First instar ~ 0.85 -1.0mm in length, with relatively depressed head and body modified for sapfeeding in subepidermal tissue of leaves. Head: Most setae reduced to absent. Stemmata absent. Antenna with 3rd segment relatively shorter but with similar sensillae compared with that of later instars. Labrum generally similar to later instars in outline, moderately bilobed with a median, apical depression; setae greatly reduced, indistinct. Mandibles depressed (Fig. 49) , with 3 acute and 1 blunt teeth. Labium (Figs. 50-51 ) relatively broad and flat, projecting slightly beyond labrum, with anterior margin broadly rounded; spinneret greatly reduced, with only a minute, flush opening at apical-ventral margin of labium; labial palpi vestigial, reduced to a pair of closely appressed, slender setae (Fig. 51) . Body: Relatively depressed; white except for brownish tergal and dorsal plates, with pronotal plate and abdominal tergal plates 1-7 the largest in size; tergal plates of meso-and metathorax reduced. Legs, prolegs, and crochets absent. Paired dorsal and ventral ambulatory callosities present on all thoracic segments and abdominal segments 1-8.
Apodal tissue feeding Instars . Instars 2-4 with more cylindrical body and head, and larva feeding deeper into mesophyll tissue than first instar and beginning blotch mine; maximum length of 4th instar larva ~ 4 mm. Head: Moderately depressed. Chaetotaxy similar to 5th instar. Labrum identical to that of last instar, with 4 pairs of setae. Stemmata relatively flat, poorly defined, with only stemmata 4 (near S1) and 1 (near S2, Figs. 63-64) evident. Antenna and maxilla similar to that of last instar, with segments proportionally equal in length. Mandible similar to last instar, with 5 teeth. Labium with 2-segmented labial palpus; length of basal segment ~ 2x its width; with 2 elongate setae, longest ~ twice the length of shorter seta. Spinneret (Figs. 60, 67 ) extremely broad and stout, triangular shape, terminating in a flared, fimbriate rim that encloses the aperture of the spinneret in a shallow depression. Body: white except for brownish tergal and dorsal plates. Pronotum a large, brown, rectangular plate; plates reduced in size and nearly colorless on meso-and metanotum; only subventral pinaculum of prothorax brown. Prosternum similar to pronotum; meso-and metasterna with small, dark brown plates. Dorsum of abdominal segments 1-9 with brownish plates slightly smaller than corresponding ventral plates; plates slightly decreasing in size caudally, except A9 tergal plate larger, broader; dark brown, oval plates present on sterna of A1-10; plate of sterna 9 broader. Most setae reduced, with L1 the longest. Thoracic legs (Figs. 69,  71 ) vestigial, unsegmented, bearing 2-3 short setae and a terminal, rudimentary pretarsal unguis. Prolegs, and crochets absent. Paired dorsal and ventral ambulatory callosities present on all thoracic segments and abdominal segments 1-8.
Tissue-feeding Last Instar (Figs. 72-98 ). Fifth instar more typical caterpillar form with cylindrical body, feeding on mesophyll tissue of leaf and enlarging full depth blotch mine; maximum length to 5.5 mm; width to 0.8 mm. Body color light green. Head brown; maximum width 0.46 mm; relatively dorsoventrally flattened Fig.  77 ) with mouthparts fully developed; dorsal area around seta P1 minutely spinose, broadly triangular in outline (Figs. 72, 93) ; epicranial notch deeply formed as in previous instars and generally similar to that of Parectopa except more broadly separated at junction, U-shaped. Frons elongate, extending to epicranial notch and about half the length of head capsule; ecdysial line terminating at lateral margins of epicranial notch. Chaetotaxy relatively well developed; all three MD setae present. P1 well separated from ecdysial line. P2 reduced, widely separated from P1, arising nearer to A3. Six stemmata, arranged in 3 groups: stemmata 1 and 2 together anterior to A3; stemmata 3-5 in an oblique line between A1 and SS2; stemma 6 situated immediately ventrad to S2. Antenna 3-segmented, with sensilla as shown . Labrum with 4 pairs of setae; M2 and L1 lost; epipharyngeal spines and epipharyngeal sclerite not observed. Mandible (Fig. 98 ) with 5 moderately large cusps; median 3 cusps the longest; both lateral seta present. Maxilla as shown in Fig. 79 . Spinneret (Figs.80-81 ) relatively short, slender; apex rounded, densely covered with minute, blunt papillae ventral to minute aperture. Labial palpi (Fig.  80 ) with basal segment ~ 4x length of smaller apical segment and bearing short subapical sensillum; apical segment bearing elongate apical sensillum, exceeding length of basal segment. Body: Pale green at maturity. Pronotum relatively large, pale brown, smooth. XD1 and 2 short, arising near ventral margin of pronotum. Ambulatory callosities present dorsolaterally on T1-3. L group bisetose on T1-3. SV bisetose on T1, unisetose on T2-3 (Fig. 92) . Sternal plate large, wrinkled. Legs moderately well developed; claw with large axial spine (Fig. 86) ; coxae widely separated. Abdomen: Dorsal plates indistinct, smooth. Paired dorsal and ventral ambulatory callosities present on A1-7. Both D setae present on A9. L unisetose on A1-10. SV group trisetose on A1-10. Prolegs present on A3-5 and A10; crochets arranged in a staggered caudal row of ~ 12 hooks on A3-5 (Fig. 85) ; A10 with crochets reduced to 2 hooks (Figs. 88, 89 ). Chaetotaxy of A10 as shown in Figs. 88, [90] [91] 95; [99] [100] [101] [102] [103] [104] [105] [106] . Length to 4 mm and width 0.9 mm; brown to fuscous ventrally, white to light brown dorsally with dark brown intersegmental rings over abdomen. Frontal process (cocoon cutter) a low, broad, triangular, mostly transverse ridge bearing numerous minute teeth in scattered rows, with medial 3 teeth the largest; (Fig. 100) . Antenna long, extending slightly beyond end of abdomen. Labial palpi extending about 1/3 the length of proleg. Proboscis as long as proleg. Forewings narrow, well separated, extending to abdominal segment A6. Prolegs to A2; midlegs to A4; and hindlegs to A8 or 9+10. D1, SD1, and L1 present on A1-6; only D1 present on A7-8. Dorsum of abdomen minutely and densely spinose, without prominent rows of spines (Fig. 102) . Sternum of A7 relatively smooth, without accessory cremaster. Cremaster consisting of a ring of four pairs of small slightly curved spines, with those on dorsum closely set and slightly enlarged (Figs. 103-106) .
Cocoon (Fig. 19) . Oval in general outline; ~ 6-6.5 mm long, 2.5-3.5 mm wide. Surface flat, adorned with average of 16 (± 2.8; n=22; range 9-20), pearly-white, minute, compartmentalized bubbles, arranged either in an approximate line along longitudinal axis or peripherally around edge of cocoon. These bubbles were discharged from the anus at intervals of approximately 10 minutes by the mature larvae and attached through a slit in the cocoon. (Figs. 16-19 ). The first instar larva bores into the plant epidermis and makes a short mine (length = 0.93 ± 0.08 mm; mean ± SD; n=21) parallel to the leaf vein. After this initial slender mine, the mine of later instars turns 90° and continues forming an increasingly broader blotch mine in the leaf blade. The initial two thirds of a fully developed blotch mine are dark brown and the most distal third is light green. One fully developed mine may remove up to 40% of the leaflet photosynthetic tissue. Occasionally two, but generally one blotch is found per leaflet. Mature larvae leave the blotch through a slit in the light colored part and spin a silk cocoon on the adaxial surface of the leaves. Hosts. Anacardiaceae: Schinus terebinthifolius Raddi and Schinus longifolius (Lind.) Speg. Mines similar to that of Leurocephala schinusae were also found on Astronium balansae Engl.; Schinus fasciculatus (Griseb.) Schinus lentiscifolius March., S. longifolius (Lindl.) Speg. and Schinus weinmannifolius Engl., but no adults were reared.
Larval Biology
Parasitoids. In Argentina the following parasitoids emerged from L. schinusae blotch mines: Braconidae (Orgilinae); Ichneumonidae (Brachycyrtinae) and Isdromas sp. (Cryptinae: Phygadeuontini). In Brazil parasitism occurred from Braconidae Orgilus sp (Orgilinae), Pholeteser sp. (Microgastrinae) and several Chalcidoidea (undetermined species), Ichneumonidae Lymeon sp. (Cryptinae), Acrolyta n.sp., 2 species of Isdromas (including the same as those from Argentina, as well as a third species), and Pimpla croceiventris (Cresson) (Pimplinae). Flight period. Active mines were present yearround, the highest numbers were found during the Austral winter (June-August).
Distribution (Fig. 1) . Leaflets of S. terebinthifolius infested with blotch mines of L. schinusae were found at several localities in northeastern Argentina (Corrientes and Misiones Provinces) and at one site in Paraguay. In Brazil this species was collected near Macae, Rio de Janeiro south to Porto Alegre, Rio Grande do Sul.
Etymology. The species name is derived from the generic name of the host plant (Schinus), with the addition of the genitive suffix (-ae).
Discussion. Other than Leurocephala, only a few gracillariid genera have been reported undergoing an additional intermediate larval stage between the sapfeeding and tissue-feeding forms. Intermediate larval forms have been observed in Chrysaster and Dendrorycter (Kumata 1978) , Marmara (DeGryse 1916; Fitzgerald & Simeone 1971; Wagner et al. 2000) ; and Neurobathra strigifinitella (Clemens), (Heinrich & DeGryse 1915) . In Chrysaster, Dendrorycter, and Marmara the transitional instar is a nonfeeding, penultimate instar, and in N. strigifinitella it appears as a tissue-feeding, third instar. The intermediate larval form in L. schinusae is believed to comprise the second to fourth, tissue-feeding instars (Table 1) .
Biological studies were conducted on Leurocephala schinusae at the USDA-ARS South American Biological Control Laboratory ( FIGS. 52-59. Leurocephala schinusae, sapfeeding larva and penultimate instar, apodal tissue feeding larva (Figs. 56-59) . 52. Ventral view of labium, spinneret (arrow), and labial palpi (10µ). 53. Ventral view of antennae (10µ). 54. Head, lateral view (20µ) . 55. Ventral view of prothorax with paired callosities (20µ). 56. Dorsal-anterior view of head (100µ). 57. Detail of mouthparts in Fig. 54  (50µ) . 58. Antenna, lateral view (10µ) . 59. Maxilla, anterior view (10µ) . (Length of scale bar in parentheses).
FIGS. 60-67. Leurocephala schinusae, penultimate instar, apodal tissue feeding larva. 60. Spinneret, anterior view (10µ) . 61. Head, dorsal view (100µ) . 62. Dorsal view of antennae and mouthparts (10µ). 63. Stemmata (arrow), dorsal view (10µ). 64. Head, lateral view (100µ) . 65. Antenna, lateral view (10µ) . 66. Head, ventral view (100µ) . 67. Detail of mouthparts in Fig. 66 (10µ) . (Length of scale bar in parentheses).
FIGS. 68-75. Leurocephala schinusae, penultimate instar, apodal tissue feeding larva (Figs. 68-71 ) and last instar, tissue feeding larvae (Figs. 72-75) . 68. Maxilla, ventral view (10µ) . 69. Prothorax, ventral view (100µ) . 70. Prothorax, dorsal view (100µ) . 71. Detail of prothorax (Fig. 69) showing rudimentary leg (arrow, 10µ) . 72. Head of last instar larva, dorsal view (100µ). 73. Dorsal view of antennae and mouthparts (50µ). 74. Antenna, dorsal view (10µ). 75. Antenna, ventral view (10µ) . (Length of scale bar in parentheses).
FIGS. 76-83. Leurocephala schinusae, last instar tissue feeding larva. 76. Antenna, anterior view (10µ). 77. Head, anterior view (100µ). 78. Mouthparts, anterior view (10 µ). 79. Detail of left maxilla in Fig. 78 (10µ) . 80. Detail of spinneret (with silk) and labial palpi in Fig. 78 (10µ) . 81. Apex of spinneret (10µ). 82. Head, lateral view (100µ) . 83. Detail of stemmata in Fig. 82 terebinthifolius plants growing on the shoulders of secondary roads of north-eastern Argentina. Rearing experiments were conducted in a walk-in chamber under controlled environmental conditions (25±1°C; 60±5% RH; 14-10 L:D). Twenty newly emerged adults were confined inside insect rearing sleeves (20 cm in diameter by 60 cm in length) wrapped around branches of potted S. terebinthifolius plants. A piece of cotton soaked in water-sucrose solution tied with a wire and hung from the upper access hole of the sleeve constituted the adults' food source. Adults were held for 24h to synchronize oviposition. Measurements were collected on egg incubation time, larval and pupal stage duration. The duration of the different life stages was: 5 days for eggs (mean ± SD = 5 ± 0; n = 5), 11-14 days for larvae (mean ± SD = 12 ± 1.1; n = 19), and 9-11 days for pupae (mean ± SD = 10 ± 1.5; n = 19).
Results of field surveys conducted in Argentina (Mc Kay unpublished data) and Brazil indicate a preference for Schinus species. However, host specificity tests currently underway at the quarantine facility of the USDA/ARS/IPRL in Ft Lauderdale, reveal that L. schinusae lays eggs and the larvae complete development on native North American Anacardiaceae (Rhus species). Consequently, the host range has been determined too broad to be considered as a biocontrol agent against Brazilian peppertree in the United States. (Wheeler unpublished data).
Marmara habecki Davis, new species
Figs. 7-8, 20-21, 107-111.
Diagnosis. The forewing patterns of Marmara habecki and M. smilacisella (Chambers) are essentially identical, with both subject to slight variation. The morphology of their male valvae is also similar in possessing a large, slightly curved saccular spine and a prominent comb of 4-5 spines arising near the base of the costal margin. The genitalia of the two species differ slightly with the curvature of the lateral margin of the vinculum more concave and the laterocaudal angle slightly flared in habecki, compared to being more convex and the angle more rounded in M. smilacisella. The larva of M. habecki is a stem miner on Schinus terebinthifolius, whereas that of M. smilacisella has been reared only from the leaves of Smilax (Smilacaceae). The most significant difference between the two species is indicated by their different CO1 barcode sequences (Fig. 111) which show a divergence of over 5.6 %.
Adult . Head: Frons and vertex smooth, silvery white, irrorated with brown-tipped scales; collar grayish fuscous. Antennã 0.8x length of forewing; scape fuscous, with pecten consisting of 10-13 slender, fuscous, piliform scales; pedicel mostly white, with fuscous apical margin; flagellum smoothly scaled, uniformly fuscous, each flagellomere encircled by a single row of slender scales. Maxillary palpus dark fuscous. Labial palpus mostly white, dark fuscous laterally and at apices of segments 2 and 3. Thorax: Fuscous dorsally; paler, mostly white ventrally; tegula dark fuscous. Forewing: length 1.8-2.5mm; mostly dark fuscous to black with slight bluish luster, usually with 3 short, triangular, white striae of variable size equally spaced along costa and 3 similar, nearly opposite, white striae along hind margin; basal most striae sometimes fused to form a transverse band; a slender, white costal stria present near subapex at base of fuscous fringe; apex of wing white; terminal fringe with grayish bases to dark-tipped scales. Hindwing uniformly gray. Legs mostly white, strongly banded with dark fuscous at joints. Abdomen. Dark fuscous dorsally, except for white scales around T7; partially white ventrally with oblique segmental bands of fuscous laterally at anterior margins of each segment. Male with a pair of coremata consisting of a loose cluster of long, white piliform scales arising ventral-laterally from elongate pockets of eighth segment.
Male genitalia . Uncus absent. Tegumen abruptly constricted to narrow apical half; apex slightly bilobed, with a shallow apical depression. Vinculum broad, with lateral margins curved inwards then flaring slightly outwards at broad, shallowly bilobed anterior margin. Valva with a prominent row of 4 -5 large spines arising near basal third of costal margin and 3-4 smaller spines basal to larger spines; apical half (cucullus) relatively narrow, basally expanding slightly to prominent, elongate saccular lobe bearing a single apical spine; a moderately long, slender triangular lobe projecting mesally from base of saccular lobe. Aedeagus slender, slightly sinuate, with acute apex; total length 1 .3x length of valva; phallobase well developed, usually directed more toward right side of genital capsule, ~ half the aedeagus in length, with hood evenly curved dorsad and with a distinct swelling near junction with of aedeagus. Female genitalia (Figs. 109-110 ). Anterior and posterior apophyses short, with posterior apophyses ~ 1.5  length of anterior pair. Ostium a simple opening on caudal margin of sternum VII. Ductus bursae a very long and slender tube ~ 10  length of posterior apophyses, terminating on smaller chamber of bilobed corpus bursae. Corpus bursae consisting of two oval chambers connected by a constricted, short passage of variable length. Ductus seminalis similar to ductus bursae in length and diameter, terminating on larger chamber of corpus bursae. Walls of corpus bursae membranous; signum absent.
Hosts. Anacardiaceae: Schinus terebinthifolius
Raddi.
Parasitoids. In Florida a single parasitoid emerged from the pupa of M. habecki, possibly Copidosoma sp. Encyrtidae, (Chalcidoidea).
Larval biology (Fig. 20) . Larva a stem miner on Schinus terebinthifolius. Larvae from Florida (Fig. 20) were observed to mine along the stems a total distance of nearly 70 cm. The width of the stem mines varied from 0.26-2.15 mm. Stem mines of another undescribed species, as indicated by divergent CO1 sequences (Fig.111) , were also discovered on S. terebinthifolius in Brazil.
Cocoon (Fig. 21 ). Cocoons were formed in crevices among dried leaves (in rearing culture) indicating that the larva leaves the mine to pupate. The surface of the cocoon is covered by approximately diagnoses, slight differences have been observed in the shape of the male vinculum, with that of habecki possessing more concave lateral margins and more flared anterocaudal angles. Distinct differences in their larval biologies are probably significant, although polyphagy and variation between a leaf mining and stem mining habit have been reported in at least one other Marmara, M. gulosa (Guillén et al. 2001) . Because of these uncertainties, attempts were made to obtain CO1 barcode sequences from the few most recently collected populations available of M. habecki and M. smilacisella, as well as of an unidentified stem mining Marmara discovered on S. terebinthifolius in Argentina and Brazil. Of the 10 specimens submitted, 4 could not be sequenced. The 6 specimens that were (for the entire 658 bp segment) revealed three distinct groups, each separated by a minimum divergence of 4.5% or more (Fig. 111 ). Although only a single female was reared from the Brazilian stem mines, CO1 sequence divergence of nearly 12% between the Brazil and Florida populations strongly suggest that these represent distinct species. Because females often provide inadequate morphological diagnostics in this genus, males need to be reared from the Brazilian populations, and more specimens in general need to be sequenced to verify these conclusions.
During a recent survey for Marmara pests of Citrus in southern Florida using sticky traps baited with the sex pheromone of the citrus peelminer, Marmara gulosa Guillén and Davis from California (W. Meyer in litt.), numerous adult M. habecki were collected. These adults were very similar to the adults of habecki reared from Schinus stem mines in their CO1 barcode sequences and male genitalia but were not included in the type series because of their poor physical condition.
Although most of Habeck's rearing labels variously state "berries", "berries & foliage", or "leaves & berries", it is apparent from Habeck's rearing records, graciously provided by D. Mathews Lott, that most of the moths were reared from the stems of Schinus terebinthifolius. This is particularly evident in records A4542b, A4702c, A4726a, A6008, and A6818.
